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Acute effects of reducing sitting time in
adolescents: a randomized cross-over study
Anisse Penning1,3, Anthony D. Okely1,3, Stewart G. Trost4, Jo Salmon5, Dylan P. Cliff1,3, Marijka Batterham2,3,
Steven Howard1,3 and Anne-Maree Parrish1,3*
Abstract
Background: Levels of sitting among adolescents are high, especially during the school day. The acute cognitive
and health consequences associated with prolonged sitting are poorly understood in adolescents. This randomized
crossover design study examined the acute effects of a simulated school day with reduced sitting or usual sitting
on adolescents’ cognitive function and cardiometabolic biomarkers.
Methods: Eighteen healthy school aged adolescents were recruited from the community to the study (11 males; 7
females; mean age [SD] = 13.5 ± 0.9 years). Two protocols were developed to simulate an adolescent school day,
the amount of time spent sitting was manipulated reflecting: a ‘typical’ day (65% of the time spent sitting with two
sitting bouts sitting >20 min) and a ‘reduced sitting’ day (adolescents sat for 50% less time with no bouts of sitting
>20 mins). The order that participants were exposed to each condition was randomized (via random number
generator).
Participants were not fully blinded as they could observe the difference between conditions. Energy intake and
moderate to vigorous physical activity (MVPA) were standardized for both conditions and monitored for 48 h post-
condition for compensatory effects. Cognitive (working memory) and cardiometabolic outcomes (lipids, glucose,
insulin, IL-6, apo-A1, apo-B, blood pressure,) were assessed pre and post for both conditions, BMI and body fat were
assessed on the morning of the intervention. Data were analyzed using linear mixed models. Standardised effect
sizes were calculated.
Results: Compared with the typical school day, the reduced sitting day demonstrated significant positive effects for
apoB/apoA-1 ratio (adjusted difference ± SD) -0.02 ± 0.03; P = 0.03; effect size [Cohen’s d] = −0.67. Findings for total
cholesterol −0.19 ± 0.27; P = 0.28; d = −0.71; HDL cholesterol −0.23 ± 0.50; P = 0.12 d = −0.66; and total cholesterol/
HDL ratio 0.25 ± 0.53; P = 0.25; d = 0.51 and for cognition 0.64 ± 0.15; P = 0.15; d = 0.54 were non-significant. There
were no compensatory changes in participant energy expenditure or energy intake for 48 h post intervention.
Conclusion: Reducing school day sitting time in adolescents’ resulted in significant improvements in apoB/apoA-1
ratio with medium effect sizes for total cholesterol, HDL cholesterol and total cholesterol/HDL ratio. Cognitive function
results showed the equivalent of a 6 month improvement in effective mental-attentional capacity.
Trial registration: The trial was registered as a clinical trial with the Australian and New Zealand Clinical Trials Registry
(ACTRN12614001064695) on the 3rd of October 2014 - registered retrospectively.
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Background
Adolescents have particularly high levels of sedentary be-
havior with breaks in sedentary time markedly decreasing
as they age, making them vulnerable to possible adverse
health effects [11]. Current literature investigating the
effects of sedentary behavior on cardiometabolic markers
in adolescents is limited with mixed results. A crossover
trial of non-overweight adolescents fed a healthy meal
while undergoing three experimental conditions to assess
the impact of reduced sitting time on cardiometabolic out-
comes produced no measurable changes in cardiometa-
bolic markers [46]. An experimental trial involving 10 to
14 year old children who consumed a high fat meal, inter-
rupting sitting time with bouts of moderate to vigorous
physical activity (MVPA) resulted in a reduction in trigly-
ceride concentrations [43]. Another trial reported that
interrupting sitting with MVPA reduced insulin and free
fatty acid concentrations in children aged 7–11 years [6].
Few studies have investigated the impact of breaking up
sitting with light physical activity (LPA) breaks on cardio-
metabolic outcomes. One trial assessed the impact of a
LPA treatment compared to a sitting day in 10 to 18 year
olds and reported observing significant treatment by time
interactions in HDL cholesterol and insulin, however the
treatment effect was not significant [48]. Collectively these
studies suggest that reductions in sitting time are associ-
ated with positive health outcomes in adolescents but
more research is needed.
Adolescent spent large portions of their day sitting in
controlled environments such as schools [9]. Thus, experi-
mental studies conducted in school setting may be more
generalizable to large proportions of the adolescent popu-
lation. Adolescents have fewer breaks in sedentary time
during the school day than in any other period of the week
[30]. To date, experimental studies have been conducted
under controlled conditions, often testing the effect of a
high-fat or high-carbohydrate meal on energy expend-
iture. As such, they are not indicative of a balanced dietary
intake. There are no experimental studies which replicate
a school day.
There is also growing interest in the effects of prolonged
sitting on cognitive outcomes [54]. Particular interest has
been directed toward working memory, a core ‘executive
function’ for activating, maintaining and manipulating
information in the mind given its relation to academic
achievement [1], learning, reasoning, and cognitive con-
trol [28]. Initial evidence suggests that breaking up seden-
tary time may improve cognitive outcomes in children
[16]. However there is a dearth of literature assessing the
effect of reducing and breaking up bouts of sitting time in
the school setting. An understanding of the effects of
sitting time on both cognitive and health outcomes in the
classroom setting could inform future classroom interven-
tions with potential positive long term effects for children.
This study aimed to examine the acute effects of redu-
cing total and prolonged bouts of sitting time compared
to a traditional sitting time during an adolescents’ school
day on cognitive function and cardiometabolic outcomes
in a laboratory setting. It was hypothesised that there
would be more favorable changes in cognitive function
and cardiometabolic health outcomes following a simu-
lated “reduced sitting” school day when compared to a
simulated typical day and that participants would not
compensate by altering their energy expenditure or intake.
This intervention is particularly novel in that it replicated
a typical school day and thus holds potential for transla-
tion to the school setting in future interventions.
Methods
Participants
Adolescents were recruited from the Illawarra region of
New South Wales (population 0.4 M) via a university
media release, university website, local newspaper, radio
station, high school newsletters and referrals from local
pediatricians between May and July 2014. Parents and
guardians of interested participants were interviewed over
the telephone to ascertain if their adolescent was eligible
for the study. Adolescents were excluded if they were:
outside the predetermined age range (12–15 years), taking
one of the exclusionary medications (i.e. Ritalin, long-
term steroids or anti-psychotic medications) or had one of
a pre-determined list of conditions or disabilities (i.e.
Prader-Willi syndrome, Bardet-Biedl syndrome, Type 2
Diabetes, coeliac disease, PKU or other metabolic disor-
ders, cystic fibrosis, multiple food allergies and a signifi-
cant physical disability or developmental disability which
may inhibit participation). Ethics approval was gained
from the University of Wollongong Human Research
Ethics Committee (HE14/069). Informed written parental
and participant consent was gained for each participant.
Study design
This study used a randomized cross-over design. The
trial is reported in accordance with the CONSORT state-
ment [37] and was registered as a clinical trial with the
Australian and New Zealand Clinical Trials Registry
(ACTRN12614001064695).
Study protocol
Participants were instructed not to restrict their food or
normal activities during the day prior to the experiment,
however they were required to fast for 8 h overnight
before arriving [2, 32] at the University at 08:00 a.m. Par-
ticipants visited a laboratory-style setting at the university
on three occasions (Fig. 1-flow diagram). The laboratory
accommodated two participants at one time in separate
rooms. Visit 1 involved the parent/guardian and adoles-
cent becoming familiarised with the facility. Visits 2 and 3
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were the randomized test conditions, either the ‘typical’
school day (Additional file 1), or the ‘reduced sitting’
school day (Additional file 2) (Visit 3 was identical to Visit
2 except that participants completed the condition not
undertaken in Visit 2). Both protocols were designed to
simulate an adolescent school day reflecting typical high
school timetabling and competencies. The amount of time
spent sitting was manipulated to simulate the two condi-
tions, a ‘typical’ school day (where adolescents spent 65%
of the time sitting and engaged in two bouts of sitting
>20 min (mins) [9] and a ‘reduced sitting’ school day
(where adolescents sat for 50% less time with no bouts of
sitting >20 mins). Efforts were made to schedule Visits 2
and 3, 1 week apart and if possible on the same day of
each week. In total, participants spent the duration of an
average school day (6 h) completing the protocol for both
Visits 2 and 3.
Procedure
Prior to commencing the protocol anthropometric mea-
sures were assessed using standardized protocols, the
measures included: height, weight, body composition
(weight, body fat percentage and BMI), resting heart rate
and blood pressure. Height was measured using a portable
stadiometer, according to standardized procedures whilst
weight and body composition was assessed using a seg-
mental body composition analyzer (Tanita BC-418A,
Tanita Corporation, Illinois, USA). Weight status was cal-
culated according to the participants’ body fat percentage
based on the Child Growth Foundation centiles [34].
Fig. 1 *Blood was unable to be drawn from two participants post ‘Visit 2’. They therefore did not participate in blood collection during ‘Visit 3’
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Participants were required to sit for a minimum of 5 min
before having their resting blood pressure and heart rate
measured by an automatic blood pressure monitor
(Omron model IA1B, Healthcare Australia). Subsequently
a registered nurse/phlebotomist collected approximately
10-ml of the participant’s blood for analysis.
Participants were then given a choice of food items to
eat during the visits. They were informed that their food
selections were not restricted; however, they had to con-
sume the same amount and types of food during both
Visits 2 and 3. They chose from a variety of breakfast, mid-
morning snack and lunch options (e.g. cereal, fruit, muffins
and sandwiches), each individuals chosen items were
recorded. They consumed breakfast prior to commencing
the protocol. The mid-morning snack was consumed 2 h
and lunch 4 h after the commencement of the protocol.
The protocols commenced (9 a.m.) and ended (3 p.m.)
at approximately the same time of day for all participants
(Additional files 1 and 2). Participants progressed through
the activities on the protocol directed by a trained re-
search assistant to ensure efficacy. At the commencement
of the both protocols the participants completed the paper
based measure of mental attention capacity, (Figural Inter-
sectoral Task - described in detail below). The protocol
incorporated time in homeroom (or roll call), class time
(e.g. Maths, English, Physical Education, History and Art),
walking between classes and recess/lunch breaks for
370 min. The ‘typical’ school day protocol consisted of
240 min of sitting time, 102 min of LPA and 28 min of
MVPA (Additional file 3). The ‘reduced’ school day proto-
col consisted of 117 min of sitting time, 225 min of LPA
and 28 min of MVPA. This Figural Intersectoral task was
repeated just prior to the end of the school day protocol.
When the protocol had ended the same anthroprometric
measures were collected, using the methods adopted prior
to commencing the protocol.
Typical school day
The protocol for the amount of time spent sitting or
being physically active during the ‘typical’ school day
(Additional file 1) was informed by a previous study which
reported adolescents sat for an average of 240 mins during
a typical school day spending 102 mins in LPA [9]; the
remaining 28 min of the school day protocol spent in
MVPA (Additional file 3). The development of the
protocol required each activity in the protocol being
matched to the appropriate level of physical activity
intensity (e.g. sitting (sedentary), light-intensity physical
activity (LPA) or moderate-to-vigorous-intensity physical
activity (MVPA) [42]. During the experiment participants
simulated walking between classes to their next class with
the use of a treadmill at low speeds (1.5–2.0 km/h). The
time spent in MVPA was constant for both conditions,
and simulated by participants walking or running on a
treadmill at assigned times during the protocol for a total
of 28 mins (5.0–6.0 km/h).
Reduced sitting school day
The protocol for the ‘reduced sitting’ school day (Additional
file 2) was similar to the procedures adopted for the typical
school day, except that it involved approximately 50% less
sitting time than the protocol for the ‘traditional’ school
day. In the reduced school day protocol time previously
spent sitting was replaced with LPA. To achieve this goal,
protocol activities were modified to include an adjustable
standing desk and regularly breaks in sitting time (e.g.
maximum 20 mins sitting time) with investigator led
standing and stretching or other LPA activities (for 2–
4 min). Participants spent a total of 28 mins in MVPA as
per the traditional protocol.
Outcome measures
Mental attention capacity
During both Visits 2 and 3 the participants completed
the Figural Intersections Task (FIT) at the start and end
of each condition [40]. The FIT is a paper-based meas-
ure of mental attentional capacity – (a causal factor
underlying developmental growth of working memory).
Participants were required to locate an area of common
intersection among two to eight overlapping shapes. The
number of shapes that must simultaneously be manipu-
lated in mind corresponds to the item’s mental atten-
tional demand. The task consisted of 36 items of differing
item difficulty. There were five items at each level of diffi-
culty (item class) with the exception of class 4 which had
one additional item. Each item began by participants
placing a dot inside each discrete shape on the right side of
the page and then one dot in an area of common intersec-
tion of those shapes on the left side of the page. Seven
items incorporated irrelevant shapes, in which case partici-
pants had to ignore the extra shape when identifying the
area of common intersection. These items were considered
as one class higher for the purposes of scoring. Training
(i.e., instructions and 8 practice items) was provided before
commencement of the task. The task took approximately
40 mins to complete. Performance on the FIT was indexed
by a FIT k score, which corresponds to the highest item
class with at least 80% accuracy, provided all lower item
classes also meet or exceed this threshold (with one lower
item class permitted to fall to 60% accuracy).
Cardiometabolic health indicators
The selection of the cardiometabolic indicators for this
study was determined firstly by consulting previous litera-
ture where triglycerides, HDL cholesterol, glucose, insulin,
systolic/diastolic blood pressure were identified [10, 12, 17,
19, 32, 44, 47], in addition to more novel markers ApoB
and ApoA-1 [8] and Interleukin-6 (IL-6) [3].
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Blood draws were taken at pre-intervention following an
overnight fast and post-intervention, 2.5 h after lunch.
The blood was analyzed for 10 cardiometabolic health
outcomes including, total cholesterol, high-density lipo-
protein (HDL) cholesterol, total cholesterol/HDL ratio,
low-density lipoprotein (LDL) cholesterol, non-HDL chol-
esterol (total cholesterol minus HDL cholesterol), apoB/
apoA-1 ratio, IL-6, triglycerides, s-insulin, and glucose. All
blood samples were centrifuged immediately and plasma/
serum stored frozen prior to being sent to an accredited
commercial pathology laboratory for analysis. All blood
assays were completed via standard procedures adhering
to the NATA guidelines [22].
Monitoring of energy intake and expenditure after the
protocol
After each lab visit participants wore the validated Sense
Wear Mini armband [7] around their upper arm for 48 h
and kept a food diary to determine energy expenditure
(EE) and energy intake (EI), respectively. The food diary
was weighed. Energy intake was derived using the Food-
Works version 7 professional nutritional analysis package
[49]. The data was entered into FoodWorks by the senior
author (AP) after consultation with a dietician. Food
substitutions were recorded for consistency. Where food
items were not available e.g. home cooked meals, parents
provided the recipe and a new item was created.
Analysis
Randomization and sample size
Participants were randomized by an independent person
using a computerised random number generator. This
allowed simple random allocation to complete either con-
dition ‘A’ (typical) or ‘B’ (reduced) for Visit 2 (see Fig. 1)
and the alternate condition for Visit 3. It was not possible
to fully blind the participants as they were able to observe
the difference between the conditions during their third
visit to the lab.
Cardiometabolic and cognitive outcomes were both
primary outcomes of this study. The absence of research
investigating the impact of sitting time on cognitive out-
comes prevented the calculation of a sample size relating
to cognition. Due to the absence of studies investigating
the impact of sitting time on cardiometabolic outcomes
in healthy adolescents the following process was used.
Power and sample size calculations were based on the
changes in cardiometabolic outcomes reported in previ-
ously conducted studies (change in glucose iAUC of 10%
(SD16%), insulin iAUC of 12% (SD20%), and triglyceride
iAUC of 34% (SD54%) [17, 52]. Assuming an alpha level
of 0.05 and within sample correlations between 0.5 and
0.8 sample sizes were estimated using PROC POWER in
SAS V9.4 (SAS Cary NC), the required sample size to
obtain a power of 0.80 ranged from 11 to 24 subjects.
Statistical analyses
Descriptive statistics were calculated on all pre and post
measures for each condition. Data were analyzed in IBM
SPSS (V21, IBM Corporation Armonk NY) using linear
mixed models. Variables that did not meet normality
assumptions were log transformed prior to analysis. An
extreme outlier (for S-insulin) was removed from the
analysis. Effect sizes were included to demonstrate the
magnitude of the difference between the means of the two
conditions, as effect sizes act independently of sample size
[50]. Standardized effect sizes were calculated on complete
cases (based on a t-test) and calculated from means and
standard deviations using the typical sitting condition as
the denominator. Effect sizes of approximately 0.2, 0.5 and
0.8 are considered small, medium and large, respectively
[13]. Paired t-tests were conducted on the SenseWear
Mini armband data and energy intake following both
conditions.
Results
The rate and sequence of participation throughout the
study is shown in Fig. 1. Between May and September
2014, 19 potential participants were assessed for eligibility.
Eighteen met the inclusion criteria, attended the familiar-
isation visit (Visit 1) and consented to participate. Seven
participants were classified as overweight or obese using
body fat reference curves for children [34]. Participant
characteristics at baseline are shown in Table 1. Protocol
compliance for both conditions was assessed by direct ob-
servation and written records, participants did not deviate
from the protocol in either condition.
Each individual consumed the same food items during both
conditions (average energy intake 4762.6 kJ ± 1596.8 kJ).
Data from four participants were incomplete as the
nurse/phlebotomist was unable to draw blood from these
participants during Visit 2 and additional data were miss-
ing due to processing problems at the pathology lab. As a
result, cardiometabolic data were available for 14 partici-
pants for the apoB/apoA-1 ratio, 13 complete sets of data
were available for total cholesterol, LDL cholesterol, HDL
cholesterol, Non-HDLC, triglycerides and glucose and 10
complete sets of data were available for IL6. In addition
one outlier was removed during the analysis for LDL
cholesterol and IL6 (see Table 2).
A comparison of demographic data for participants
who did not have complete sets of blood data compared
to those that had complete sets of blood data (Table 1)
found there was no significant difference in the scores
for age (M ± SD) = 13.4 ± 1.0vs (M ± SD) = 13.7 ± 0.8, t
(18) = 0.16, p = 0.25, BMI (M ± SD) = 20.8 ± 3.8 vs
(M ± SD) = 22.3 ± 4.7, t (18) = 0.68, p = 0.9, and body
fat percentage (M ± SD) = 21.5 ± 5.6) vs
(M ± SD) = 28.1 ± 12.1, t (18) = 0.71, p = 0.18.
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Cognitive function
Differences in mental attention capacity for pre and post
typical and reduced-sitting school day are shown in
Table 2. Mental attention capacity declined slightly dur-
ing the typical school day, but increased in the reduced
sitting day. The pre to post difference between the two
conditions, while not statistically significant, nonetheless
had a medium effect size (d = 0.54).
Cardiometabolic outcomes
The cardiometabolic health outcomes for the total sam-
ple pre and post typical and reduced sitting school day
are also shown in Table 2. The pre to post difference
between the two conditions was statistically significant
for apoB/apoA-1 ratio and there was a medium effect
size in the hypothesized direction for this outcome
(d = −0.67) and for total cholesterol (d = −0.71). There
were also medium effect sizes in the non-hypothesized
direction for HDL cholesterol; and total cholesterol/
HDL ratio. The differences between the reduced and
typical school day for glucose, insulin, blood pressure,
body fat and BMI were small and not statistically signifi-
cant (see Table 2).
Monitoring of energy intake and expenditure
Participant mean energy intake whilst undergoing both
trial protocols were 5337.68 ± 1778.83 kJ, mean carbo-
hydrates were 186.77 ± 52.88 g and mean total fat
38.14 ± 18.85 g.
During the 48 h period following the protocol, there was
no difference in the total energy expenditure (using Sense-
wear devices) between the ‘typical’ (M=10,134.8 kJ ± 48.7 kJ)
and ‘reduced sitting’ school day (M= 11,276.4 kJ ± 3458.5 kJ)
in the 48 h after each condition (t [14] = −1.06, P = 0.31).
There was no difference in energy intake (kilojoules) (using
fooddiaries)betweenthe ‘typical’ (M=15,037.9kJ±7021.5kJ)
and ‘reduced sitting’ school day (M= 14,942.6 kJ ± 3820.0 kJ)
in the 48 h after each condition (t [10] = −0.06, P = 0.95),
indicating that there was no compensation.
Discussion
This is the first study to examine the difference between
adolescent cardiometabolic and cognitive outcomes dur-
ing a simulated ‘typical’ and ‘reduced’ sitting school day.
The only cardio-metabolic outcome exhibiting a signifi-
cant improvement in pre to post change was apoB/
apoA-1 ratio. Several outcomes demonstrated favourable
improvements with medium effect sizes for: total choles-
terol, HDL cholesterol, total cholesterol/HDL cholesterol
ratio and the apoB/apoA-1 ratio. There were no differ-
ences for glucose, insulin, blood pressure, body fat or
BMI. A medium effect size indicating improvements in
outcomes were also observed for cognitive function.
Previous experimental studies investigating the impact of
reducing sedentary behavior on cardiometabolic outcomes
in adolescents have produced mixed results [6, 43, 46].
Saunders et al. [46] there were no significant differences in
participants insulin, glucose, triglycerides, HDL and LDL
cholesterol AUC. Ross et al. [43] only assessed post pran-
dial triglycerides with no significant differences in area
under the concentration-time curve, however the findings
indicated for 8 of the 12 participants triglyceride concen-
trations remained high during the day spent in 6 h of
sitting. Belcher et al. [6] found significantly lower insulin
AUC, C-peptide AUC, glucose AUC and free fatty acid
concentrations as a result interrupting 3 h of sitting every
30 min with MVPA. The results of the current study may
have differed from previous studies for several reasons.
First, previous studies used a different dose of physical
activity to break up sitting time [6, 43, 46]. For example
Saunders et al. trial included three conditions: 8 unbroken
hours of sitting, 8 h of sitting broken every 20 min with
2 min of light walking and finally 8 h of sitting broken
every 20 min with 2 min of light walking as well as
2 × 20 min periods of MVPA [46]. Belcher et al. inter-
rupted 3 h of sitting with 3 min of MVPA every 30 min
[6], while Ross et al. broke up 6 h of sitting every 30 min
with 4 min of moderate physical activity [43]. Differences
in the dose and type of physical activity and duration of
sedentary time may impact lipoprotein lipase (LPL) activity
influencing triglyceride and glucose uptake to differing
extents, as reduced stimulation of weight bearing muscles
results in reduced uptake of these markers [23]. Second
the current study measured cardio-metabolic biomarkers
at the beginning and end of the simulated school day,
whereas previous studies [6, 43, 46] measured postprandial
responses at regular intervals across the experimental
Table 1 Characteristics of Study Participants
All
(n = 18)
Participants with
complete data
(n = 14)
Participants with
incomplete data
(n = 4)
Female
(% number)
7 5 2
Male
(% number)
11 9 2
Age (years) 13.5 ± 0.9 13.4 ± 1.0 13.7 ± 0.8
Height (cm) 161.7 ± 10.0 162.3 ± 11.0 159.6 ± 5.9
Weight (kg) 55.8 ± 14.3 55.5 ± 15.5 56.8 ± 11.1
BMI (kg/m2) 21.1 ± 3.9 20.8 ± 3.8 22.3 ± 4.7
Body Fat (%) 23.0 ± 7.6 21.5 ± 5.6 28.1 ± 12.1
Overweight
/obese (%)
7 (38.9%) 6 1
Blood Pressure-
systolic/diastolic
(mm Hg)
115.2/69.7 ±
13.8/7.6
114.1/71.4±
13.44/7.1
118.8/63.8±
16.4/6.9
Resting Heart
Rate (bpm
78.1 ± 13.6 77.2 ± 8.2 82.5 ± 37.3
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period. In addition, the post-test blood measures in the
current study were not true fasting samples due to the dur-
ation between the midday meal and the final blood draw.
Whilst evidence indicates that a fasting duration of 3 h is
sufficient to achieve comparable blood glucose levels
between fasting and non-fasting states in adults [36], the
study design limited the opportunity for an equivalent
fasting state for the post-intervention phase. In the study
by Ross et al. [43], participants consumed a high fat diet
prior to the experimental protocol whilst in the other stud-
ies participants consumed a balanced diet. Ross et al. [43],
blood measures were taken using finger puncture whilst
the other studies used venous blood. When comparing the
findings mean values for adolescent cholesterol are higher
using finger prick as opposed to venous blood [4].
There is a growing body of evidence indicating that
apoB/apoA-1 is a powerful biomarker of future cardiovas-
cular disease as it impacts lipid metabolism, and is a
marker of inflammation possessing both anti-oxidant and
anti-inflammatory effects. In the current study, differences
between the conditions resulted in a medium effect size
(d = 0.54) which were statistically significant for the apoB/
apoA-1 ratio [53, 55]. Although to date there have been
no experimental studies investigating the link between
interruptions to sedentary time and apoB/apoA-1 ratios, a
study of 18 healthy 19 to 23 year olds demonstrated statis-
tically significant reductions in apoB/apoA-1 ratios after
replacing sitting time with walking or standing [18]. As
suggested by Hamilton et al. (2007), non-exercise activity
thermogenesis (NEAT) is a large part of total energy ex-
penditure. Muscular contractions that occur when stand-
ing or in very light physical activity may inhibit unhealthy
molecular signals contributing to metabolic diseases [24].
Keeping in mind the findings in the current study re-
flect the transition from a fasting to a postprandial state,
the reduced sitting day condition had a medium effect
on total cholesterol (d = −0.71), HDL cholesterol
(d = −0.66) and total cholesterol/HDL ratio (d = 0.51).
Studies show that high total blood cholesterol increases
the risk of coronary heart disease and some types of
stroke [38]. Early identification and control of high chol-
esterol in youth has been found to reduce the risk of car-
diovascular disease into adulthood [21]. While there are
no other experimental adolescent studies reporting an
effect for reduced sitting time on total cholesterol, a 9-
month prospective uncontrolled trial of overweight and
obese office workers observed significant reductions in
total cholesterol following the introduction of treadmill
work stations [27].
HDL cholesterol has a positive effect on health as it
transports lipids away from the heart back to the liver
[31]. Prior to the commencement of the study we
hypothesised that the intervention would result in im-
provements in HDL cholesterol [33]. Medium effects
sizes for HDL cholesterol (d = −0.66) and total choles-
terol/HDL ratio (d = 0.51) in the current study were not
in the anticipated direction, however, they are consistent
with previous evidence. Two recent reviews of adult stud-
ies designed to assess the effects of exercise interventions
on cholesterol levels and lipid profiles suggest increases in
aerobic exercise (through increases in intensity or dur-
ation) and calorific expenditure resulted in improved HDL
cholesterol levels [31, 51]. As HDL seems to be related to
MVPA and the current study aimed to increase LPA this
may explain the lack of effect on HDL cholesterol in this
instance. Another potential explanation is that postpran-
dial changes in HDL cholesterol are often inversely associ-
ated with changes in triglyceride concentrations [14]
(Table 2). In addition, a systematic review of adult interven-
tions designed to clarify the role of LPA on cardiovascular
risk factors and markers in adults determined that all stud-
ies except one found no significant changes in HDL choles-
terol [5]. Although many of the studies were of low or fair
quality, recognising a need for further studies.
The total cholesterol/HDL ratio is a good predictor of
cardiovascular health [35]. Lower ratios of total choles-
terol/HDL indicate lower risk of heart disease, thus
research often aims to reduce this risk factor [26, 39].
The findings in the current study, however, were in the
non-hypothesised direction. As previously explained, given
that total cholesterol decreased and HDL cholesterol also
decreased it is not surprising that the total cholesterol/
HDL cholesterol ratio would increase.
Whilst evidence indicates that physical activity is posi-
tively associated with academic performance among ado-
lescents [20], there is a dearth of research investigating
the association between sedentary behaviour and cogni-
tive functioning in adolescents [11]. Recent findings
indicate that reducing sedentary time produces positive
academic outcomes in adolescents [15] and classrooms
with stand-biased desks may have beneficial effects on
academic engagement [16]. Medium effect sizes for cog-
nition in the current study indicate that mental attention
capacity (a causal component underlying the develop-
ment of working memory) declined after the typical
school day and increased after the reduced sitting day.
The size of the difference between the typical and reduced
sitting day for mental-attentional capacity has important
implications for reductions in sitting through the school
setting as it is equivalent to 6 months’ improvement in
effective mental-attentional capacity [41]. Rather than
sustained, structural changes in cognitive function (i.e.,
changes in the underlying capacity constraints of working
memory), these changes are likely functional (e.g., tempor-
ary increases in the effective capacity of working memory,
due to increased focus, sustained attention, less distraction
from task-irrelevant aspects of a situation). Functional
changes in cognition are nevertheless interesting and
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important for development and academic reasons. For
instance, research on Cognitive Load Theory has demon-
strated the learning advantages of optimising the focus
and deployment of working memory (i.e., increasing atten-
tional capacity focused on learning-relevant information
and processes) [29]. As such, even temporary improve-
ments in functional working memory capacity can yield
academic and developmental benefits in those situations
in which it is optimised. This suggests the potential for
acute enhancements to cognitive function (but perhaps
also sustained benefits with a longer intervention) as a
result of a reduced sitting day in the school environment.
It also suggests the possibility of broader academic bene-
fits, given research establishing a link between mental-
attentional (working memory) capacity and non-verbal/
fluid intelligence and academic ability (e.g., math, reading)
[25]. It is therefore possible that simple adjustments to the
school classroom and outdoor environment can have
acute (and possibly longer-term) effects on cognitive func-
tion in young people.
Reducing sitting time by approximately 50% during the
school day in the current study did not result in a com-
pensatory reduction in energy expenditure and increase in
energy intake among the participants in the 48-h period
post intervention. These findings are consistent with
another within person comparisons investigating compen-
satory reductions in energy expenditure in adolescents.
Saunders and colleagues [45] exposed children and ado-
lescents to three different experimental conditions involv-
ing prolonged and interrupted breaks in sedentary time
and found that the participants did not compensate in the
24 h post experiment by increasing food intake or physical
activity levels when sedentary time was reduced or
interrupted. While these findings support the notion that
compensation does not occur over the short term, longer
experimental trials are needed to further investigate these
findings.
The current study has some strengths and limitations
which should be acknowledged. The study findings may be
limited by its sample size, potentially affecting the oppor-
tunity to detect significant associations for some outcomes.
Secondly, the study design did not incorporate multiple
blood draws potentially improving the presentation of
blood outcomes and comparisons with other studies.
Further, data indicating participant maturation was not
collected; pubertal maturation has biochemical and physio-
logical effects during adolescents. Finally, a large number
of statistical tests were performed without adjustment for
multiple comparisons; the results should be interpreted in
this context. There were several strengths in this study.
The design of this study is a strength in terms of ecological
validity [46] as is the first randomized controlled trial
investigating the acute effects of reducing adolescent sitting
in a setting which replicates the school environment.
Further, it considered the impact of sitting time on adoles-
cent cognition, not previously reported. Finally it assessed
novel cardiometabolic markers (apoB/apoA-1 ratio and
IL-6), not previously considered in this context.
Conclusions
This study is the first to explore acute differences in cogni-
tive function and cardiometabolic health outcomes in ado-
lescents when comparing traditional and reduced sitting
time during a school day. While acknowledging study limi-
tations, the findings show potential to improve adolescent
cardiometabolic and cognitive outcomes. There were sig-
nificant improvements in adolescents’ apoB/apoA-1 ratio,
and medium effect sizes for total cholesterol, HDL choles-
terol and total cholesterol/HDL ratio. Cognitive function
results showed the equivalent of a 6 month improvement in
effective mental-attentional capacity. Future research should
focus on larger randomized controlled trials with extensive
follow-up periods in participants at greater risk of cardio-
metabolic abnormalities to evaluate whether the acute
effects on cognitive function and cardiometabolic health are
maintained when habitual sitting time is reduced.
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